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Figure 1 Crystal structure of (a) NdBi and (b) GdBi with magnetic
moment orientations. The green arrow indicates the 77, vector.
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Wave Vector

Figure 2 (a) Bulk fcc Brillouin zone together with the bulk Fermi
surface. The purple rectangle indicates the surface Brillouin
zone projected onto the (001) surface. Orange and green
arrows indicate the AF ordering vectors in the bulk Brillouin
zone and projected surface Brillouin zone, respectively. (b)
Plot of ARPES intensity as a function of E; and wave vector
along the T'M cut measured in the paramagnetic phase (7 =
40 K) with ~v = 90 eV. Red, blue, and black dashed curves
are a guide for the eyes to trace the Bi 6p (hl and h2), Gd
5d (el), and surface Dirac-cone (D1) bands, respectively. (c)
Calculated surface spectral weight along the 'M cut projected
onto the (001) plane, obtained with the Green’s function
method for a semi-infinite slab of GdBi in the nonmagnetic
phase. Black dashed curves trace the band dispersion of the
D1, D2, and D3 SSs. Black solid curves are the calculated
bulk-band dispersion at k. = 0 (I'X cut in bulk Brillouin zone).
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Figure 3 (a) ARPES-intensity mapping at £, for GdBi plotted as a function of &, and k,at 7= 40 K obtained with 4v = 105 eV. Solid lines indicate the
surface Brillouin zone boundary, whereas the dashed lines indicate the cross section of both £, = 0 and « planes of the bulk fcc Brillouin zone
boundary. (b) Distribution of AF domains visualized by scanning ARPES with a 26 x 22 mesh. The pixel size is 50 x 50 um’. Regions shown
with orange and green colors correspond to points A and B, where the AF ordering vector points to the lower right and upper right directions,
respectively. The white region represents the area where the domain identification was difficult, while the black region has no signal from
the sample. The intensity at each point was obtained by full integration of the ARPES intensity. (c) Same as (a) but obtained at 7= 6 K (AF
phase) for point A. G,; (green arrow) is the AF ordering vector projected onto the surface. White arrows indicate the replica of the Fermi
surfaces, and red rectangles represent the magnetic surface Brillouin zone. (d) Schematics of band folding in the surface Brillouin zone,
together with the folded Fermi surfaces for point A. The red rectangle represents the magnetic surface Brillouin zone. (e), (f) Same as (c¢) and
(d), respectively, but for point B. (g), (h) Near-£; ARPES-intensity plots around the I point obtained at 7= 6 K along the &, cut for points A

and B, respectively.
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Figure 4 (a) Schematic of surface Dirac cones in the paramagnetic
phase for both NdBi and GdBi, which are attributed to the
topological insulator phase with surface-independent massless
Dirac cones. (b), (c) Same as (a) but for the GdBi and type-I
(NdBi) AF phases, respectively. Dirac cones are protected by
the combined symmetry S, except for the ferromagnetically
aligned surface for the NdBi case. The unit lattice vectors a,
(i = 1-3) that take into account the magnetic structure for the
AF case are shown by open black arrows. Ty, translational
symmetries are shown by the orange color in (b) and (c).
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Figure 5 (a),(b) Comparison of photoelectron intensity map as a
function of spatial position (x, y) between step-by-step and
on-the-fly measurements, respectively.
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